Abstract-The effect of extracellular proteinases of A. flavipes A17, A. fumigatus D1, and A. sydowii 1 on proteins of the human haemostasis system was studied. It was shown that A. fumigatus D1 proteinases are able to hydrolyze a wide range of chromogenic peptide substrates of specific human proteinases of the haemostatic system. Proteinases formed by A. flavipes A17 and A. sydowii 1 have a narrow specificity, mainly to thrombin and plasmin substrates. It was first shown that proteinase of A. flavipes A17 is capable to activate protein C and Factor X. Extracellular proteinase produced by A. sydowii 1 has greater fibrinolytic activity as compared with proteinases produced by A. flavipes A17 and A. fumigatus D1.
INTRODUCTION
The function of proteolytic enzymes, present in all-without any exception-organisms, is to break down the protein substrates, but they also posses regulatory function. For example, the key links of human haemostasis are blood coagulation and fibrinolysis, which are multicomponent proteolytic processes, where product of the previous reaction serves as an enzyme for further reaction [1] . Proteins participating in these reactions are proteinases, which are characterized by high rate and specificity of conducted reactions. In case of damages of balance between reactions of blood coagulation and dissolution, usage of these enzymes affords one to carry out therapy of thrombosis and thromboembolic diseases. Haemostatic system proteinase-like activity was found in snake venom proteinases and in culture fluid of microorganisms. Preparations based on these substances are used in diagnostic sets and therapeutic agents to reveal and cure such kind of complications [2] [3] [4] .
Extracellular proteolytic enzymes of micromycetes have the ability to affect haemostasis proteins as activators (starting procoagulant and anticoagulant processes) or direct fibrinolytics (breaking down clots that had already formed) [4] [5] [6] . The most active producers of such proteinase are micromycetes belonging to Aspergillus genus [6] . For some of them, it was shown that proteinases produced by them display specificity to some haemostasis proteins, such as protein C (A. ochraceus L-1), factor X (A. ochraceus L-1), prekallikrein (A. terreus 2), fibrin (A. ochraceus L-1, A. oryzae, A. versicolor 1, A. ustus 1, Aspergillus brasiliensis AUMC 9735, A. flavus AUMC 9736, A. japonicum KSS05, A. niger), and fibrinogen (A. ochraceus L-1) [6] [7] [8] [9] [10] . Thus, micromycetes produce proteinases capable to promote proteolysis of haemostasis proteins or, along with hydrolytic activity, to show the ability to activate proenzymes of this system transforming them into an active form ("activator activity"). In this regard, it is actual to reveal the spectrum of proteolytic action of extracellular proteinases of micromycetes towards the haemostasis proteins.
Specific activity of Aspergillus proteinases towards the human haemostasis proteins allows us to consider them perspective substitutes of components in corresponding diagnostic sets and therapeutic remedies.
The aim of this work was to study the influence of A. flavipes А17, A. fumigatus D1, and A. sydowii 1 proteinases on the human haemostasis proteins.
MATERIALS AND METHODS
Objects of research and culture conditions. A. flavipes А17 and A. sydowii 1 strains from the collection of the Department of Mycology and Algology of Moscow State University and A. fumigatus D1 from the MICROBIOLOGY collection of the Department of Microbiology of Moscow State University were used. Micromycetes were cultivated in submerged conditions on an orbital shaker (200 RPM) in 750 mL flasks containing 100 mL medium at 28°С for 2 days in medium containing wort, glucose, and peptone [11] ; after this, part of obtained seed material was transfected into medium containing 3.0% glucose, 7.0% glycerin, 0.5% hydrolyzate of fishmeal, 0.2% NaNO 3 , 0.05% KH 2 PO 4 , and 0.05% MgSO 4 with further cultivation for 5 days. Seeding was conducted by washing the micromycetes spores, which were grown in test tubes on beveled wort agar for 7 days.
Detection of proteolytic activity. Activity of extracellular proteinases of micromycetes was detected in filtrate of the cultural fluid. Filtration was conducted under vacuum using FS (Russia) filter paper. Proteinase activity detection was made using chromogenic peptide substrates with and without the addition of blood plasma (direct amidolytic activity, activator activity) and also with bovine fibrin (fibrinolytics activity) and casein (total proteolytic activity).
To detect hydrolytic activity of extracellular proteinases 100 μL of 0.05% solution of the following chromogenic substrates was added to 200 μL of culture fluid (in 0.05 М Tris-HСl-buffer, рН 8.2): H-D-ValLeu-Lys-pNA for plasmin detection, Bz-IleGlu(OR)-Gly-Arg-pNA and Z-D-Arg-Gly-ArgpNA for activated blood factor X of human plasma (factor Ха), Glp-Pro-Arg-pNA to detect activated protein С, Glp-Gly-Arg-pNA to detect urokinase, H-D-Phe-Pip-Arg-pNA and Tos-Gly-Pro-Arg-pNA to detect thrombin [12] . The reaction was performed at 37°С in accordance with the method described earlier [6] .
Activator activity was detected by a similar method: preincubating culture fluid with 50 μL of human blood plasma diluted two times using 0.05М TrisHСl-buffer, рН 8.2 [7] .
Reactions were stopped by the addition of 200 μL 50% acetic acid. For activity unit (U), the quantity μM of p-nitroaniline that split out from substrate for 1 minute was taken.
Fibrinolytic and proteolytic activities were detected using a modified Anson's method, incubating 200 μL of culture fluid and 400 μL 1% fibrin suspension or casein solution, prepared using 0.1 М Tris-HСl-buffer, рН 8.2, at 37°С as described earlier [10, 13] . Activity was expressed in μM of tyrosine, formed for 1 min in 1 mL of culture fluid (U Tyr ).
Reactions were conducted while constant mixing in TS-100 thermo-shaker (BioSan, Latvia). Optical density of solutions was measured using a Hitachi 200-20 spectrophotometer (Japan).
RESULTS AND DISCUSSION
The ability of A. flavipes А17, A. fumigatus D1, and A. sydowii 1 to form extracellular proteolytic enzymes, possessing activity of some human haemostasis proteinases, towards proteolysis of chromogenic peptide substrates specific for haemostasis proteinases in accordance with developed methodic was studied [6] .
While defining specter of substrate proteolysis, more attention was given to the substrates that were not cleaved by proteinases of studied micromycetes. In such cases, cultural fluid of micromycetes was additionally incubated with human plasma and, thus, proteinase activator influence on supposed blood plasma proenzyme was revealed. Results of activity detection of extracellular proteinases of studied micromycetes with chromogenic peptide substrates of human haemostasis proteinases are shown in Table 1 . The data shows that all three strains, to a different extent, possess proteolytic activity and are capable to cleave used substrates. Thus, A. fumigatus D1 was capable to form proteinases cleaving all mentioned substrates, and, by A. fumigatus D1 proteinase demonstrated the highest activity with thrombin (Tos-Gly-Pro-Arg-pNA), plasmin (H-D-Val-Leu-Lys-pNA), factor Ха (Z-DArg-Gly-Arg-pNA) and activated protein С (GlpPro-Arg-pNA) substrates. These activity rates were, on average, 13-15 times higher than detected with other substrates: D-Phe-Pip-Arg-pNA, pGlu-GlyArg-pNA and Bz-Ile-Glu(OR)-Gly-Arg-pNA. It is interesting to note that, according to hydrolysis of chromogenic substrates by proteinases from Aspergillus, the proteinase specificity of A. fumigatus D1 to chromogenic peptide substrates is revealed: from two thrombin substrates and two Ха factors they effectively hydrolyzed only one. Probably, for manifestation of substrate specificity of A. fumigatus D1 proteinases and also proteinases of other Aspergillus, the sequence of amino acid residues in substrate and their quantity is of significant importance: some proteinases actively hydrolyze more short peptides while others hydrolyze more long [6] .
A. flavipes А17 and A. sydowii 1 micromycetes also produced proteinases capable of cleaving plasmin substrate and one substrate of thrombin: Tos-Gly-ProArg-pNA. However, their activity was lower than activity of A. fumigatus D1 (Table 1) proteinases. Extracellular proteases of both micromycetes appeared incapable to cleave factor Ха substrates, which can distinguish their substrate specificity from substrate specificity of A. fumigatus D1 proteinases. Similar protease properties were shown earlier in A. ustus 1 and A. versicolor 1 [6] . Proteinases produced by A. sydowii 1 as A. fumigatus D1 proteinases, but to a lesser extent, cleaved substrates of urokinase and activated protein C (by 23.3% and 93.8%, respectively).
Results of detection of proteinase activator activity of Aspergillus in respect to proenzymes of human Table 2 . Activator activity of extracellular proteinase of A. flavipes А17 and A. sydowii 1 in response to proteins of the haemostasis system *n/d-activity was not detected Ratio of fibrinolytic activity to total proteolytic activity of aspergilli.
0.7
The ratio of activity time homeostasis system with chromogenic peptide substrates are given in Table 2 . These substrates were not cleaved by proteinases of A. flavipes А17 and A. sydowii 1.
As is seen from the table, proteinases formed by A. sydowii 1 were incapable of activating proenzymes of the haemostasis system with production of enzymes cleaving the used substrates. Proteinases of A. flavipes А17 showed activator activity in respect to proenzymes: factor X and protein C. Among Aspergillus studied to the present, similar proteinase properties were revealed in A. ochraceus L-1, known as activator of protein C and factor X proteinase producer [14, 15] . Manifestation of such activity makes A. flavipes А17 a potential proteinase producer of such action and as perspective for further study. Activator activity rates of such type of proteinases of the given micromycetes appeared to be 11 times less than in proteinases produced by A. ochraceus L-1 [6] . Based on data obtained, it can be supposed that proteinases of studied micromycetes can possess fibrinolytic activity. For this purpose and also to detect specificity of produced proteinases to fibrin, the proteolytic activity in culture liquid of micromycetes according to fibrin and casein hydrolysis was detected. As a result, it was shown that extracellular proteinases of A. flavipes А17, A. fumigatus D1, and A. sydowii 1 have fibrinolytic (FA) and total proteolytic (TPA) activities.
The ratio of these activities (FA/TPA) is a significant indicator of directed influence of proteinases on fibrin [16] . For A. flavipes А17, this rate was 0.27, while that for A. fumigatus D1 was 0.10 and that for A. sydowii 1 was 0.64 (figure). For Aspergillus, the FA/TPA rate can be different; for example, it was 0.18 for Aochraceus L-1 and 6.92 for A. ustus 1 [10] .
It should be noted that found FA/TPA rates do not correlate with plasmin-like activity values (activity connected with cleavage of plasmin substrate) revealed for A. flavipes А17, A. fumigatus D1, and A. sydowii 1 (27.9 U/mL 10 -3 , 29.8 U/mL 10 -3 , and 16.3 U/mL 10 -3 , respectively; Table 1 ). Proteinases formed by A. fumigatus D1, for example, revealed the highest plasmin-like activity within other micromycetes and FA/TPA rate appeared to be the lowest. Obtained results indicate the necessity of further study of A. flavipes А17, A. fumigatus D1, and A. sydowii 1 proteinases to reveal their targets among proteins of the haemostasis system. Thus, activity of extracellular proteinases produced by A. flavipes А17, A. fumigatus D1, and A. sydowii 1 toward proteinases of the human haemostasis system was studied. Proteinases of A. fumigatus D1 are capable of hydrolyzing a wide range of specific chromogenic peptide substrate haemostasis system proteinases. Proteolitic enzymes formed by A. flavipes А17 and A. sydowii 1 showed more narrow specificity, mainly to thrombin and plasmin substrates. For proteinases of A. flavipes А17, the activator activity towards protein C and factor X was shown for the first time. Extracellular proteinases of A. sydowii 1 had higher fibrinolytic activity (FA/TPA rate was 0.64) than proteinases of other studied Aspergillus strains.
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